Measurements of several head-tail modes as a ftnction of the current in DCI are reported showing clearly the existence of negative mode-numbers. The comparison with the transverse mode-coupling theory has been done including bunch lengthening by combined potential well and longitudinal turbulence.
Experimental Observations of Head-Tail Modes
The experiments were mainly done at .8 and .7 GeV and with RF cavity voltages of 250, 350 and 500 kV. The RF frequency is 25,35 MHz and the energy loss per turn at I GeV is 28 keV.
We excite the beam transversally by radio frequency and we detect the signal on an electrode followed by a spectrum analyser. 14'or weak current and weak chromaticity we observe only one betatron frequency. When the chromaticity is higher, satellites appear on each side of the initial frequency, they are separated by approximately the synchrotron frequency.
As the current increases, new satellites can appear and the amplitude of the first frequency decreases, some satellites may become more important than the initial frequency. The values of these frequencies vary and for large current two of them are very close to each other and cannot be distinguished. No instability was observed up to 300 mA.
The measurements are shown Fig. I for E = .8 GeV and VRF = 350 kV. As a result, it became clear that these frequencies are head-tail modes and that positive but also negative mode numbers exist. However, for a finite chromaticity i dQy p dp QJ y the whole mode spectrum is shifted by the chromatic frequency (1) where b is the effective radius of the vacuum chamber. Fig. 2 These considerations explain the experimental observations described in the introduction and the behavior shown Fig. 4 . Relative amplitudes of the response to the excitation versus current (spectrum analyser). Unfortunately the lifetime becomes very bad for high current and high chromaticity, especially at low energy, due to a high order non linear term of sextupolar fields. For this reason, at E : .7 GeV, i = was chosen equal to 2.6, a rather low value which explains that at low current (below 20 mA) one single peak appears (Fig. 4) .
On the other hand, when one increases the chromaticity all the frequencies vary by translation (Q depends on sextupolar fields) but the frequency difference beetween the adjacent modes does not change. This is also explained by the diagram in Fig.2 , it can be seen that the reactive impedance remains constant over the frequency range.
Comparison between calculated and measured frequency shifts
To make this comparison we have to take into account the bunch lengthening with c'orroVnt.
Measurements of the dependance of energy spread and bunch length on beam current have been checked [4] against the combined potential well and turbulent lengthening models.
With the broad band resonator model, Q = I and oI /2fr = 1. It is approximately the maximum current we can store with a good lifetime at low energy and we checked the calculation and theory on Fig.5 .
The agreement is not too bad -but, on the onehand, the modes 0 and -I are closer than the prediction and, on the other hand,there is no sign of instability on the machine up to 300 mA.
A new formulation especially done to explain the behavior of long bunches in SPS [5] shows that two modes can be coupled at a certain intensity and uncoupled at slightly higher intensity. In such cases the growth rate is small and the instability is cancelled by radiation damping.
These results describe qualitatively very well the behavior of the beam in DCI and we plan to check them numerically very soon.
In conclusion, the experiences on DCI show clearly the existence of negative mode-numbers and we expect that the agreement with the transverse mode coupling theory can be still improved. :Head-tail freouencies versus current E = .8 GeV and V F = 500 kV.
